We investigate the behaviour of stock returns in Africa's largest markets namely, Egypt, Kenya, Morocco, Nigeria, South Africa, Tunisia and Zimbabwe.
INTRODUCTION
The Efficient Markets Hypothesis (EMH) holds that asset prices and returns are determined by the outcome of supply and demand in a competitive market, peopled by rational traders. These rational traders rapidly assimilate any information that is relevant to the determination of asset prices or returns, hence current prices (returns) fully reflect all available information (Fama, 1970) . The notion that current prices fully reflect all available information implies that successive price changes (returns) are independent. Further, successive price changes are identically distributed. These two requirements constitute the cornerstone of the random walk model (Fama, 1970, pp 386-87) .
At the same time there is growing evidence that stock returns exhibit stylized facts: first, the empirical distribution of stock returns appears to be excessively leptokurtic (Mandelbrot, 1963; Fama, 1965; Nelson, 1991) . Second, short-term stock returns exhibit volatility clustering. These processes have been modelled successfully by ARCH-type models (see Bollerslev et al, 1992 for a review). Third, changes in stock prices tend to be inversely related to changes in volatility (Black, 1976; Christie, 1982; Bekaert and Wu, 2000) . Most of the empirical work on these stylized facts has focused primarily on developed economies and a few emerging markets.
For investors seeking opportunities in developing countries however, little is known about the dynamic characteristics of stock returns (see Mecagni and Sourial, 1999; Appiah-Kusi and Menyah, 2003; Magnusson and Wydick, 2000 , Smith and Jefferis, 2005 and Lim, 2007 who address some of these issues in African markets). Work on testing the weak form of market efficiency where nonlinearities are taken into account is limited and international evidence includes Brooks (2007) , Lim et al (2008) and Panagiotidis (2005) This paper examines empirically the validity of the efficient markets hypothesis in African markets. Market efficiency is important because efficient stock prices allow agents to diversify their sources of investment capital and spread investment risk (see Caprio and Demirguc-Kunt, 1998) . Also efficient stock prices and yields provide benchmarks against which the cost of capital for and returns on investment projects can be judged (Green et al, 2000 and also Green et al, 2005) . Furthermore, since stock prices are forward looking, they provide a unique record of shifts in investors' views about the future prospects of companies as well as the economy (Green et al, 2005) .
The main objective of this paper is to investigate whether the stylized facts observed in major advanced markets are present in African stock markets.
We investigate the validity of the random walk hypothesis and employ smooth transition regressions (STR) and conditional volatility (GARCH) models to uncover the dynamics of the first two moments of the series. First, a linear random walk (RW) is estimated for each market and the residuals are subjected to a battery of tests to investigate whether they are independently and identically distributed (iid). Models of the STR and GARCH family are then fitted. Our results show that the random walk is not adequate to capture the dynamics of the data. However, rejecting the random walk does not necessarily imply market inefficiency since market efficiency is a joint hypothesis (independent and identically distributed). We find evidence of volatility clustering in all countries (see also Brooks, 2007) . In Kenya and Morocco, a change in stock prices is inversely related to volatility. Finally, we find a positive relationship between expected returns and risk in Tunisia, Kenya, Morocco and Zimbabwe. Thus, investors who venture into these markets are appropriately rewarded with higher returns for assuming greater risks.
The next section outlines the econometric methodology. Section three presents the data. The penultimate section is analysis of empirical results and five concludes.
ECONOMETRIC METHODOLOGY
Given the nature of the data, we avoid the temptation of imposing directly any specific data generating mechanism (infinite candidates). The methodology followed consists of the following steps:
i. The random walk is employed for the returns of each of the countries and test for iid through a battery of tests: McLeod and Li (1983) and Engle (1982) test for (G)ARCH effects; Brock et al (1991) , Brock et al (1996) BDS tests for randomness; Hinich (1996) and Hinich and Patterson (1995) bicovariance test for third order non-linear dependence and Tsay (1986) for threshold effects in the data (for a detailed discussion of these tests see Ashley 2000 and Patterson 2006) . All these tests share a common principle: once any linear serial dependence is removed from the data, any remaining dependence must be due to nonlinearities in the data generating mechanism. Additionally, we investigate whether the dynamics could be explained by a smooth transition model (STR) by employing the linearity test proposed by Luukkonen et al (1988) .
ii. If both the RW and the STR fail to explain the behaviour of the data and there is strong evidence against the null hypothesis of iid, then we will proceed with employing GARCH-type of models.
The (logarithmic) random walk model is given by 1 log log
where t P is the price of a stock at time t, 
Under the RW log t P should be I (1) ( ⇒ log t P Δ~I (0)), the estimate of the constant μ should be insignificantly different from zero and the resultant residuals should be iid. This can however be positive if the stock market is growing. If the null of iid cannot be accepted, the implication is that the residuals contain some hidden, possibly non-linear structure.
At the same time, it is evident that volatility clustering, leptokurtosis and leverage effect are stylized features of financial data that linear models are unable to capture. The mean equation of stock prices (returns) could be described as 
The i φ parameter in (3) is included in the mean equation to take into account the autocorrelation induced by non-synchronous trading in the assets that make up a market index (see Lo and McKinlay, 1988, Scholes and Williams, 1977) . is useful to specify a GARCH (p, q), empirically, in most cases a lag structure of p=q=1 is adequate (see Bollerslev et al, 1992) .
However many models of asset pricing relate expected returns to some measure of risk. The GARCH-in-Mean (GARCH-M) model of Engle et al (1987) can be used to explicitly parameterize the conditional expectation of asset returns as a function of volatility. To this end, (3) now becomes log log
Thus δ is interpreted as a risk premium so that a positive and significant δ indicates that return is positively related to volatility.
The notion of asymmetry has its origins in the work of Black (1976) , French et al (1987) , Nelson (1991) and Schwert (1990) . A model that captures asymmetry is the exponential GARCH (EGARCH) model of Nelson (1991) ( )
The natural log formulation of EGARCH ensures positive variances, thus dispensing with the need for parameter restrictions; also volatility at time t depends on both the size and sign of the normalized errors. Given the properties of The hypothesis that all autocorrelations up to the 10 th lag are jointly zero is rejected. Possible reasons for autocorrelation in the returns are nonsynchronous trading (see Scholes and Williams, 1977; Fisher, 1966) and timevarying short term expected returns (Conrad and Kaul, 1988) .
EMPIRICAL RESULTS AND DISCUSSIONS

The Random Walk Model
The RW estimates (equation 2) are presented in table 3. Notes: *, **, and *** indicates significance at 10%, 5% and 1% levels respectively, μ is the constant, JB is the Jarque-Bera test for normality, and LB is the Ljung-Box statistic for serial correlation(10 lags). Test statistics are reported in parenthesis beneath the estimated coefficients.
The t-statistic of the estimated constant is below the critical value at the 10% significance level in Morocco, indicating that the mean of the series log t P Δ is insignificantly different from zero. For the rest of the countries the constant term is significant. Also the Ljung-Box test indicates there is correlation up to 10 lags. We, therefore, reject the random walk as an adequate characterisation of returns in our sample of African countries 4 . The next step is to subject the residuals of the model to a battery of tests.
Previous evidence on the random walk model in African markets has often yielded mixed results using serial correlation tests. Ekechi (1989) and Dickinson and Muragu (1994) find evidence consistent with the random walk in Nigeria and Kenya respectively, Olowe (1999) rejected the random walk in Nigeria. Magnussen and Wydick (2002) find that none of the African markets under consideration fulfils the iid condition for weak form efficiency. In order to examine further the iid properties of the data, we employ a battery of tests instead of a single procedure (for a review of the literature see Patterson, 2006 and Panagiotidis, 2005) . The summary of the results is displayed in table 4 (see also table 8 in the appendix for the details). 
Note: x indicates rejection of the null of iid at the 5% level in the residuals of the RW. See also Neftci (1991) demonstrates that technical trading rules require some form of nonlinearity in prices to be successful and Mills (1997) argues that the presence of nonlinearity is a necessary condition for trading rules to have potential predictive power. 
Smooth Transition Regression
where γ>0 is an identifying restriction. Equations (8) and (9) In testing for linearity we follow Terasvirta (1998) and run the auxiliary regression:
where the transition variable s t is an element in z t = (1, ) The results reject linearity in all cases with the exception of South Africa (with trend) (see Table 5A where F 4 is for H 04 etc). Table 5B ) 6 show that a GARCH structure exists and as a result the STR-type of non-linearity can not approximate the data generating process of the African stock market data 7 . 
Relationship between Conditional Volatility and Market Efficiency.
The student t-distribution was employed for the GARCH estimates of table 9 to allow for fatter tails (given the evidence from Table 2 ). The lagged returns are significant in all countries and across all models. These findings imply that past information is useful in predicting the future path of prices and trading strategies could be build to beat the market, evidence inconsistent with the EMH. However this argument neglects the joint hypothesis problem inherent in all empirical efficiency studies and strictly speaking, this cannot be interpreted as rejection of weak form efficiency. Time varying volatility models would be informative about weak form efficiency to the extent that conditional variances help in predicting future returns (see Millionis and Moschos, 2000) .
For weak form efficiency to be violated we expect an increase in conditional variance (and hence risk) to result in a decrease in expected returns (i.e. statistically significant and negative δ in equation 5). In table 9, this would have been the case if the estimated negative coefficient of the conditional variance in Egypt and Nigeria (GARCH-M) were statistically significant. Since it is insignificant in the two countries we cannot claim violation of weak form efficiency. Furthermore, Schwaiger (1995) showed that GARCH in stock returns can be seen as a result of rational and hence efficient equilibrium pricing.
The GARCH parameterization in table 9 is highly statistically significant in all cases; the β coefficient in the conditional variance equation is considerably larger than α and the conditional variance generally shows a high degree of persistence (as measured byα β + ). The evidence from table 9 are in line with Brooks (2007) who also find high persistence in the conditional variance of stock returns in African countries. For instance, in Brooks (2007) APARCH model, α β + =0.904 for Morocco whereas we find α β + =0.98 for the EGARCH-M. This implies that shocks to the conditional variance will be highly protracted. For the volatility process to be weakly stationary the sum of α β + must be less than unity 8 . This is generally consistent with the estimates in table 9. We shall argue here that the presence of variance dynamic in the stock market returns in all the countries can be seen as the result of a rational equilibrium pricing, so that their presence do not indicate market inefficiency.
It has been found empirically that emerging stock markets are more volatile than their developed counterparts (see Harvey, 1995) . This brings to fore the question of whether investors in these markets are compensated for assuming higher levels of risk (see Engle et al, 1987) . The risk premium parameter δ is significant in all the estimated models in Kenya, Tunisia and Zimbabwe but only in EGARCH-M in the case of Morocco. For these countries, higher risk proxied by the conditional variance will lead to higher returns.
A possible explanation for the existence of risk premium in the four countries could be attributed to the prevailing interest rates 9 . Additionally, the perceived risk (e.g. political risk and economic policy) of investing in Africa's nascent economies raises the risk premium. Finally, we could argue that low liquidity, which is generally a key feature of African stock markets plays a role in explaining the risk premiums because investors in general prefer to have their assets in forms that takes less time and money to realize. In Egypt, Nigeria and South Africa we do not detect any significant relationship between expected returns and conditional variance. These are quite surprising and contrary to predictions of most asset pricing models. However, these are not isolated case as risk premiums tend to disappear over time, (e.g. see De Gennaro, 1990 and Nelson, 1991 
Diagnostics
The Ljung-Box statistics on the standardized residuals and the standardized squared residuals of the GARCH, GARCH-M and EGARCH-M models in Table   9 find that there is no evidence of serial correlations (see also the discussion in Lundbergh and Terasvirta 2002) . Furthermore, there is no evidence of conditional heteroscedasticity in the data. This implies that the fitted volatility models are adequate. As a further check, the standardized residuals from the GARCH models were used to calculate a battery of tests (summarised in table 7,   see table 10 and 11 in the appendix for the details). 
Note: x denotes rejection of iid and v is non-rejection at the 5% level. Readers should refer to tables 9 and 10 at the appendix for the details. 
CONCLUSIONS
This paper examined stock return dynamics and the implication of conditional volatility models in daily index returns for seven African countries (Egypt, Kenya, Morocco, Nigeria, South Africa, Tunisia and Zimbabwe).
Random walk and smooth transition models were estimated and a battery of tests was employed in all cases. GARCH, GARCH-M and EGARCH-M were fitted to model the conditional variance.
The random walk model was rejected in all cases. It was found that the empirical stylized facts of volatility clustering, leptokurtosis and leverage effects are present in the African stock index returns. We showed that in Tunisia, Kenya and Morocco, investors are appropriately rewarded with higher returns for assuming greater risks. Also in Morocco and Kenya, changes in stock prices tend to be negatively related to changes in volatility. However, evidence to reject weak form efficiency for these markets was not found.
NOTES:
1. See the Economist, June 11, 1994: "Stalking Africa's Fledgling Stock Markets". 2. The South African financial system is the most developed in Sub-Saharan Africa (SSA). A number of reforms dubbed 'big bang' were introduced in the 1990s paving way for the growth of the Johannesburg Securities Exchange (JSE). The JSE now uses up to date technology for trading based on the London Stock Exchange Electronic Trading Service (SETS). This allows both exchanges to leverage existing client relationships and promote remote access to cross boarder trade in most liquid securities. Derivative instruments have traded in South African financial markets since the late 1980s. Table 1 indicates the dominance of the JSE on the continent. In 2004, the market capitalisation was nearly $500billion, compared with 1.9 billion in Zimbabwe, 14.5 billion in Nigeria. By the end of 2005, the JSE had market capitalization of $566 billion, accounting for 94% of Sub-Saharan Africa's total and is more than 14 times larger than the all of the other markets combined. At the end of 2005 the JSE was ranked 16 th largest exchange in the world and its institutional characteristics are at par with leading emerging markets, such as Brazil, China and India.
A typical feature of all the markets considered in our sample is low liquidity. As Table 1 indicates, annual turnover ratio in African markets ranges from 8.2% in Kenya to 47.1% in South Africa in 2004. This contrasts with 115.5% and 113.3% in China and India respectively. Further African stock markets are small in comparison with their national economies as shown by the ratio of market capitalisation to GDP in column 5. Thus ranked in terms of capitalisation and turn over, African markets (outside South Africa) are minute. However, ranked in terms of important valuation parameters such as dividend yields (see column 7), earning price ratios and book value ratios, they are as comparable as their counterparts elsewhere. With the exception of Zimbabwe where a few restrictions remain, all African markets are opened to foreign investors. These institutional characteristics are crucial for understanding the evolution of stock returns in these countries and would thus inform the empirical analysis that follow.
3.
The sample for Zimbabwe ends in 2001, short before the onset of the current economic crisis (numerous outliers appear after 2001 in this particular series).
4.
It must however be emphasized that rejection of the random walk does not imply rejection of weak form efficiency in these markets. This is because a test of the random walk hypothesis is a joint test of both weak form efficiency and constancy of expected returns. To this end, a random walk with drift would be compatible with weak form efficiency because the drift will be positive and insignificant if investors expect a positive return. A random walk with drift was also considered but did not provide any qualitative different results.
5.
For our claim of non-linearity in the data generation process to be valid, we need to employ all the possible linear models. In the present context we also employed a simple AR (p) and a STAR model and tests of the residuals rejected the iid hypothesis (Results available on request).
6. The logistic function was also considered but the results of Table 5B were not different. Terasvirta (1998) . In this study we also considered the quadratic approximation employed by De Grauwe and Garibaldi (2001) but found this not to be superior to the GARCH models estimated in section. respectively. However some of the estimates show Fractionally Integrated GARCH (FIGARCH) process see Bailie et al (1994) . However due to the nature of this paper, such features of the data are left for further research.
Another type of nonlinearity is the STR-GARCH originally developed in Lundbergh and
9. Kenya has experienced rates and yields on treasury bills soaring to 80 and 90 percent up to the late 1990s. These have generally declined to between 20 to 30 percent on account of prudential financial management, and currently hovers around 10 percent. The North African economies have had manageable rates while Zimbabwe represents an extreme case, with current rates of about 500 percent (see Central bank of Zimbabwe www.rbz.co.zw).
10.
However, two simulation studies by Brooks & Heravi (1999) and Brooks & Henry (2000) revealed that the BDS test can sometimes confuse different types of non-linear structure (such as threshold autoregressive and GARCH-type models) and has small power in detecting neglected asymmetries in conditional variance models. LBQ (10) 
Conditional Variance Graphs
News Impact Curves (NIC)
The news impact curve plots conditional volatility against previous shocks of an estimated model. The curve is drawn by using the estimated conditional variance equation for the EGARCH-M, with its given coefficients, and with the lagged conditional variance set to the unconditional variance. .001
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